With there being a strong statistical correlation between annual exchange rate and murder (r s = 0.962), when murder was excluded and replaced by annual exchange rate, the factors influencing lnbirth was exchange rate, inflation, unemployment, GDP per capita growth and mortality-all factors account for 92.2% of the variability in lnbirth-F = 30.572, P < 0.0001. Conclusion: Murder is more that a crime it is a cause of birth decline, suggesting that public health practitioners as well as epidemiologists must take this factor into account as it is a birth determinant.
INTRODUCTION
The study of birth has a long history in demography [1] [2] [3] [4] , which dates back to its beginning in the late seventeenth century [5] . In demography, investigations are usually carried out on fertility which relates to the number of live births a woman actually had, fecundity that denotes the physiological capacity of the woman to bear children and other issues of births such as crude birth, age-specific fertility, and general fertility as well as parity progression ratios. Empirical evidence showed that total fertility rate in the 1960s was 5.6 per woman in Jamaica and this has dramatically declined to 2.4 per women in 2008; in 2009, 69 out of every 100 births occurred to women less than 30 years and the crude birth rate in 2010 was 15 .96 compared to 16 .69 in 2010 [6, 7] . The reduction in fertility per woman has been attributable to family planning measures which were introduced in the 1970s [8] . Like in Jamaica, family planning measures in China, Africa and other developing nations are responsible for the reduction in population growth rate [9] [10] [11] [12] [13] . Ascribing family planning measures to the decline in fertility is accepting that there are determinants of births (or factors affecting fertility).
Kiser and Whelpton [14] classified factors of fertility in social and psychological variables in a study which dates back to the 1950s. Other scholars have expanded on the categorization of factors identified by Kiser and Whelpton [4, [15] [16] [17] . It follows that the decline in fertility cannot be limited to family planning measures as the factors of fertility encompasses crowding, age of first sexual intercourse, age of marriage, personal attitude towards family, income, fecundity, personal aspirations, and other non-contraceptive variables. In the United States and England fertility began declining before the beginning of the nineteenth century [4] , and this was attributable to contraceptives which were freely available in 1820. Then in the 1920s-1930s, there was the great economic depression that saw the fall in marriage rates and according to Cox "···births were relatively few" [4] , suggesting a correlation between fertility and economic growth (or the lack of).
Using a nationally probability sample of 1338 respondents, Powell et al. [18] found that crime and violence were the leading concern of most Jamaicans. Another aca-demic researcher noted that, in respect to murders, Jamaica was ranked number 1 in the Caribbean [19] ; and in 2005, it was the highest in the world [20] . From a probability sample of 1595 Jamaicans, the LAPOP 2006 survey revealed that 1 in every 10 respondents was victimized of crime [20] , indicating that crime, violence and victimization are rampant in the society and account for a percentage of premature mortality. Despite the aforementioned fact, studies on crimes (including murders) have been primarily from criminological or sociological perspectives [21] [22] [23] [24] [25] . Crimes and violence are not seen as a cause of mortality, which accounts for their non-usage in health inquiry. However, McDonald [26] posited that violence is a public health issue. This suggests that murders may have some explanation for birth changes, even though this has never been investigated in literature, particularly in Caribbean.
Recognizing the paucity of information in the literature on a single inquiry that evaluates birth, mortality and murder as well as other macroeconomic variables (like poverty, unemployment, inflation, exchange rate, Gross Domestic Product (GDP) per capita), this study examines murder, mortality, and selected macroeconomic variables are factors of births, using data for Jamaica from 1989-2009. Bongaarts [15] developed a mathematical model which proximate the determinants of fertility. He forwarded that total fertility rate (TFR) can be expressed as:
THEORETICAL FRAMEWORK
where C m denotes the age-specific proportion married; C c means proportion of non-contraception; C a represents the total induced abortion (which is the number of abortion among women ages 15 -44 years by 30); C i connotes the average duration of lactational infecundability, and TNM is total natural marital fertility rate. Using calculus by finding the logarithm of both sides give: lnFertility = ln C m + lnC c + lnC a +lnC i +lnTNM (2) The general principle embedded in the Bongaarts' model is applied to this work. Bongaarts' framework highlights that the relationship between fertility (or birth) and identified independent variables (C m , C c , C a ,C i , TNM) is nonlinear that is the general framework used in interpreting factors of birth for this work.
Bongaarts' model may have been influenced by the work of multiplicative framework of Grabill, Kiser and Whelpton's on the decomposition of the number of births in year [27] . Grabill, Kiser and Whelpton's forwarded that number of births in a year T is given by: 
From the principles within calculus, it follows that the birth is non-linear functions, which was also captured in Bongaarts' model on fertility.
Unlike principles embedded in Bongaarts' [15] as well as Gabill and colleagues' models [27] , this work recognizes that birth is a non-linear function and that no parameters were computed for each variable because of the linear nature of variables embedded in the other models. From the principles in calculus, although the variables are non-linear, by finding the logarithm of each side of either Bongaarts' or Grabill and colleagues' model, if parameters were present they would be linear integers while the variables are not. The non-linearity of the variables as well as the linearity of each parameter of the variables were taken into consideration in this work, which is a modification from Grabill and colleagues' model that decomposed birth. These are captured in Equations. [5] and [8] , while using different types of variables, as follows:
The birth function (B) is equal to mortality (M), murder (R), GDP per capita growth (GDP), and inflation (I), and can be written as:
However, taking the logarithms yields
where δ = ln(α). This is a nonlinear function in the variables M, R, GDP and I, but the parameters are linear, δ, β, γ, ω, and υ.
Eq.3 was modified to replace lnExchange rate with lnmurder, making the function to be written as:
with the exclusion of annual exchange rate (exchange, E), unemployment emerged as a factor (U). The building of these models were developed in the hypotheses, expounded upon and tested therein.
Data and Methods
The current work is a secondary data analysis. Data sources were from Jamaica Survey of Living Conditions (JSLC) [28] on illness rate and poverty; Economic and Social Survey of Jamaica on poverty [29] ; Statistical Digest on inflation and annual exchange rate [30] , Demographic Statistics on mortality, crude death rate [6] , and the Statistical Department of the Jamaica Constabulary Force on murders [31] . The period for this work is primarily from 1989 to 2009; but also includes data on births from 1900 [7] .
The JSLC is jointly conducted by the Planning Institute of Jamaica (PIOJ) and the Statistical Institute of Jamaica (STATIN) [28] . The JSLC is a nationally representative cross-sectional descriptive survey which uses stratified random sampling and comprised data on households' characteristics, health, education, expenditure, social programmes, and other information. An administered questionnaire modeled from the World Bank's Living Standards Measurement Study (LSMS) household survey [32] is used to collect the data. There are some modifications to the LSMS, as JSLC is more focused on policy impacts.
The JSLC used a two-stage stratified random sampling design where there was a Primary Sampling Unit (PSU) and a selection of dwellings from the primary units. The PSU is an Enumeration District (ED) which constituted of a minimum of 100 dwellings in rural areas and 150 in urban areas. An ED is an independent geographic unit that shares a common boundary. This means that the country was grouped into strata of equal size based on dwellings (EDs). Based on the JSLC, the PSUs is a listing of all the dwellings and this was used as the sampling frame from which a Master Sample of dwelling was compiled [28] . According to the JSLC [19] , the sample was weighted to reflect the population of the nation. The households in the JSLC were interviewed during three to four years, after which a new representative sample was drawn. In this study, we used aggregate to the parish level, which means that analysis can be made across periods (or over time).
The Economic and Social Survey of Jamaica (ESSJ) is a publication of the PIOJ which collates information on social and economic indicators of Jamaica. We collected data mainly on unemployment rate in Jamaica from 1989 to 2009 [29] .
The annual exchange rate of the Jamaican to the United States' dollar were collected from the Bank of Jamaica's (BoJ) publication [30] and the Gross Domestic Product (GDP) information was had from the International Monetary Fund's World Economic Outlook [32] . Data on murder were obtained from Statistical Unit, Jamaica Constabulary Force (JCF) for the periods, 1989-2009.
Statistical Analyses
Data were entered and stored into Microsoft Excel and SPSS for Window version 17.0 (SPSS Inc; Chicago, IL, USA) which were both used to analyze the data. Pearson's product Moment Correlation was used to assess the bivariate correlation between particular macroeconomic and other variables. Scatter diagrams and best fit models were used on the data. Ordinary least square (OLS) regression analyses were used to establish the model for 1) log birth. Ordinary least square regressions were utilized to analyze the possible explanatory variables. A p-value of 5% or lower was chosen to indicate statistical significance. The variables that were entered into the model were significant in the bivariate correlation (Pearson's Product Moment Correlation). In any instance where collinearity existed (r > 0.7); the variables were entered independently into the model to determine as to which of those should be retained during the final model construction. The final decision on whether or not to retain the variables was based on the variables' contribution to the predictive power of the model and its goodness of fit. Each scatter plot was modeled by a linear, power, exponential or polynomial best fit function based on the data, with the aid of Excel.
Using the principle of parsimony (all the variables that should be included are entered and not omitted from the model), which was tested by the huge differences in adjusted R 2 from the R 2 . Hence, the model for birth function must see the least differences between the two aforementioned issues.
Illness rate is a percentage of people in the population who reported having an illness in the survey week. Illness is an indicator of poor ("bad") health as only since 2007 the JSLC began collecting data on self-rated health status. Prior to that year, data on illness was collected, which was used to plan for the health of the populace.
Variables
The exchange rate (or Jamaican exchange rate) is the number of Jamaican dollars needed to purchase one United States' dollar (US$1).
Murder denotes the number of people unlawfully killed (a crime causing death without a lawful excuse) within a particular geopolitical zone (excluding police killings or homicides).
Birth (or live birth) according to the Statistical Institute of Jamaica [6] is the "result of the complete expulsion or extraction from its mother of a product of conception, irrespective of the duration of pregnancy, which after such separation, breathes or shows any other evidence of life such as beating of the heart, pulsation of the umbilical cord, or definite movement of voluntary muscles, whether or not the umbilical cord has been cut or the placenta is attached; each product or such a birth is considered live-birth".
Examining the quality of data on live births in Jamaica, McCaw-Binns and colleagues found that 94 out of every 100 live births were registered by one year of age [32] . A later study conducted by Fox et al. [33] found that 89.9% of the reported births by the Registrar General's Department were covered, and the Statistical Institution of Jamaica estimated that this was 93% [6] . Based on a study done by Mathers [34] established that in excess of 90% of complete coverage of data denotes high quality data, suggesting that live births in Jamaica is of high quality.
Hypothesis. This paper will test the following hypotheses ( (1)- (7) 
FINDING
The average births for the decade of the 1960s (1960 -1969) represent the highest births in the history of Jamaica, and has been declining ever since (Figure 1) . The rate of growth prior to the 1960s was an increasing one, which plateaus in the 1960s and has been declining at an increasing rate since the 1960s. Table 1 presents information on the hypothesis 1 (Eq.1). Log murder accounts for 63.8% of the explained variance (79.6%), with GDP per capita growth accounting for 15.9%. The two factors are negatively correlated with lnbirth.
Of the four variables entered into the initial model, one emerged as statistically significant factor of lnbirth, lnpoverty-F = 4.647, P < 0.011, R 2 = 0.537 ( Table 2) . Based on the adjusted explanatory power, the model is not a parsimonious one as this excludes the annual exchange rate or murder.
Log murder and exchange rate has a strong statistical correlation (r s = 0.962, P < 0.0001) and poverty and the 1900-1909, 1950-1959, 1960-1969, 1970-1979, 1980-1980, 1990-1999 exchange rate (r s = -0.818, P < 0.0001). Hence, the researcher took out murder from the model in order to obtain the influence of the other variables, and poverty was excluded by the SPSS program because of a tolerance of 0.000 (Table 3) . Of the four variables used in the initial model, only two emerged as statistical significant factors of lnbirth-exchange rate and lnunemployment-F = 16.431, P < 0.0001, and explain 80.5% of the variability in lnbirth ( Table 3) . Table 4 shows information that test hypothesis 4. Of the 5 variables, all of them emerged as statistically significant factors of lnbirth-F = 30.572, r 2 = 0.922. Using beta weights, the exchange rate is the most influential factor affecting lnbirth ( Table 4) .
Of the five variables initially tested in hypothesis 5, four emerged as statistically significant predictors of lnbirth-inflation, GDP per capita growth, mortality and murder, with an explanatory power of 90.6%-F = 19.291, P < 0.0001 (Table 5 ).
Hypothesis 6 was tested and displayed in Table 6 . Table 6 showed that of the 6 variables identified, four emerged as statistical significant factors of lnbirth-lnmortality, GDP per capita growth, lnmurder, and lninflation, which account for 90.7% of the variability in lnbirth.
Two variables emerged as statistical significant factors of lnbirth, poverty and GDP per capita growth, with an explanatory power of 72% ( Table 7) . Based on the adjusted explanatory power, the model is not a parsimonious one excluding the annual exchange rate and/or murder.
Based on the seventh hypotheses, the final model that encapsulates the birth function can be expressed in Eq.5. The birth function (B) that relates to mortality (M), murder (R), GDP per capita growth (GDP), inflation (I) can be written as 
where δ = ln(α). This is a nonlinear function in the variables M, R, GDP and I, but the parameters are linear, δ, β, γ, ω, and υ. These parameters are integers. With there being a strong statistical correlation between annual exchange rate and murder (r s = 0.962)- Table 4 . Hence, the function (Eq.7) was modified to included lnExchange rate by excluding lnmurder; the function was change and can be written as:
with the exclusion of annual exchange rate (exchange, E), unemployment emerged as a factor (U). A positive parameter is an upward sloping curve and a negative parameter is a downward sloping curve ( Table 5 ).
DISCUSSION
The current work shows that there is a positive correlation between births and 1) inflation, 2) GDP per capita growth, and 3) mortality, while there were negative associations between births and 1) unemployment, 2) murder and 3) annual exchange rate. The correlation between poverty and birth is positive (r s = 0.715, P < 0.0001), which disappears when annual exchange rate or murder is include in a single model with other various such as poverty. The macroeconomic factors of birth are a non-linear function, with linear parameters and influence of annual exchange rate or murder. Murder or the annual exchange rate is the most influential factor explaining birth 
in Jamaica. Murder is a cause of birth in Jamaica as well as the annual exchange rate, and these factors are having a negative influence on annual births. The study of murder is more seen as a cause crime than a predictor of health. This perspective is a rationale for plethora of studies in criminology, law, sociology, anthropology, criminal justice, forensic, public policy, political science, and history. The general focus of murder is embedded in the perspective of the concept and accounts for the neglect of the phenomenon in health research and epidemiology. Like MacDonald argued, violence is a public health concern which is a justification for inquiries on murder as a cause of mortality, and by extension epidemiology and health research. "Epidemiology may be defined as the study of the distribution and determinants of disease in a human population" argued Barker and Hall [36] , which although is a simplistic conceptualization of the discipline of epidemiology, highlights the correlation between ill-health and it causes such as plague, cholera, hypertension, arthritis, heart diseases, diabetes mellitus and diseases causing pathogens. Within the context of epidemic diseases in Jamaica, murder cannot be excluded as it is among the 10 leading causes of mortality and it is even greater than HIV [6] .
While murder is cause of mortality in Jamaica, it is among the determinants of births. In classifying the determinants of fertility, Kiser and Whelpton [14] , Bongaarts [15] , and other research scholars identified many factors; but did not examine the role of murder on births. The present work found that compressor of birth (or fertility), and it has the most influence on births. The explanation of murders being negatively correlated with birth is not surprising as victims of murder are mostly young people of child bearing ages. Statistics on crimes in Jamaica, particularly murder, revealed that on average 83% of victims are ages 15 -49 years old [31] . Murder which is primarily committed by people within the reproductive ages, against those in reproductive ages account for a significant decline in the fertility, as those killed are not likely to have children after death.
With a strong direct correlation between murder and annual exchange rate in Jamaica, the influence of murder is equivalent to that of changes in the annual exchange rate. "More than half of the goods regularly purchased by consumers [being] sensitive to changes in the exchange rate" according to Harriott [37] , which links changes to the exchange rate and the economic climate. An upward movement in the exchange rate denotes that the prices of imported goods would be more expensive, people will be force to purchase less with the same amount of money and this will affect choices in other non-imported goods. This paper showed a negative correlation between the annual exchange rate and birth (or fertility) which implies that imported economic hardship is a natural contraceptive measure.
An inverse correlation exists between GDP per capita growth and births, indicating that in periods of economic growth, births falls and in times of recession, births increases. Such an issue appears conflicting with previous argued perspective, but it is paradoxically in nature and offers an insight into money (or the lack of) and fertility. With the direct association between inflation and births, this means that domestic economic hardship in an economy is related to women giving up their reproductive rights to men in order to survive. Inflation is re-inforcing the negative correlation of GDP and births, and economic hardship is therefore a birth stimulant and not a contraceptive measure. It follows that during economic hardship, the vetoing rights over reproductive matters are held by men who use financial resources as a tool to dictate the non-usage of contraception. Women in wanting to survive, because of the economic hardship, forego using contraception and non-contraception is also used to lure financial stable men, which justifies increased births during economic decline. Therefore the human rights that women should have over their bodies, sexual autonomy [38] , disappear in periods of economic downturn.
The economic downturn in the Jamaican economy can be measured using self-reported information. In 2007, a study conducted by Powell et al. [18] found that 1) 31 out of every 50 Jamaicans indicated that their salaries (or wages) were unable to cover expenses, 2) 36 out of every 50 respondents indicated that they were concerned about the likelihood of being unemployed in the next 12 months, and 3) 30 out of every 50 people mentioned that currently their lives were worse off or at most the same compared to 1 year ago. Remittance which is source of money and an indicator of people's economic situation has declined since the economic recession in the United States since 2007. A study conducted by Ramacon [39] found that 52% of those who received remittances in 2010 indicated that they were receiving less money since the global recession. Within the context of the current findings, births are expected to rise in Jamaica post 2007, which is supported by the births statistics for 2008. Births in 2008 increased by 1.1% compared to 2007 as nation experience an economic downturn brought upon by the global induced recession. With Berer's argument that "Nor is sex work itself widely understood to arise from the social and economic marginalization of poor, unemployed, migrant, refugee and displaced women" [38] , then the decline GDP growth increases the likelihood of unprotected sex and accounts for more births in the society. In 2007, the mean annual food prices increased by 109% over 2002 [28] , suggesting that marginalized groups, including poor, uneducated, and unemployed women, will exchange their sexual autonomy for survivalability and including in this transfer is the low (or non) usage of contraception. The resultant effects of such situations account for the increased fertility that emerged in this work, making poverty a birth stimulant.
Another factor of importance is mortality. The direct correlation between mortality and birth (or fertility) appears paradoxical in nature; but this is not. Computing from the Statistical Institute of Jamaica's demographic public [6] revealed that over one-half of deaths were among seniors. Disaggregating the Jamaican mortality statistics showed that 59.8% were people ages 50+ years (with 93% being 60+ years) and 31.9% were of the reproductive ages (15 -49 years old). It can be extrapolated from the current work and the aforementioned statistics that increased mortality is set against more births, which mitigates against lowered population.
All the variables identified by this research based on Davis and Blake's proposition [40] , would be considered as intermediate variables that indirect affect fertility. Then Bongaarts [15] , quantify the perspective of Davis and Blake [40] . The socio-economic and cultural variables, indirect determinants of fertility [15, 40, 41] , come across as secondary factors. However, this paper shows that the explanatory power of these 'intermediate variables' (such as murder, mortality, inflation, unemployment, exchange rate, GDP per capita) are more influential factors than previously identified, and must be included within the ambits of fertility dialogue as direct determinants, particularly murder and exchange rate. The influence of murder on birth (or exchange rate) is birth cannot be denied as well as its strength, especially if most of the victims are within the reproductive ages of 15 -49 years as is the case in the Caribbean. Hence, the murder pattern in the Caribbean, particularly Jamaica, must with urgency be included into demography, health statistics and epidemiology as murder is a public health epidemic that directly influences birth.
CONCLUSIONS
Outside of abortion, menopause, still birth, contraception, age of first marriage, frequency of sexual intercourse, duration of fertile period, lactational infecundability, age of first menarche, age of first sexual intercourse, attitude toward the family, financial resources, education of mother, and crowding, there are factors still not currently recorded in the literature. Among the factors not noted in the literature are inflation, unemployment, mortality, exchange rate or murder, and GDP per capita growth are determinants of birth (or fertility). These findings add to the literature on factors that influence birth and the determinants are non-linear, while their parameters are linear integers. The work provides pertinent insights into the phenomenon of birth and their determinants and can be used to guide the public health discourse, public policy and its broad appeal to policy makers as well as epidemiological inquiry.
In summary, murder is more that a crime it is a cause of birth decline, suggesting that public health practitioners as well as epidemiologists must take this factor into account as it is a birth determinant.
